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ABSTRACT 

The effects of response-independent reinforcement 

were compared with those of response-dependent reinforcement 

and extinction on three measures of stimulus control: (1) 

discrimination training performance, (2) post-discrimination 

stimulus generalization tests, and (3) a combined cue test. 

Sixteen pigeons were given 10 days of pretraining to a 

vertical line stimulus associated with a variable interval 

1 minute schedule of reinforcement (VI 1 min) followed by 

four 20-day training phases on a five-wavelength stimulus 

multiple (mult) schedule. Phases I and IV consisted of 

non-differential training on a mult VI 1 min (538 nm, 548 nm, 

555 nm, 566 nm, 576 nm) schedule. Phases II and III con

sisted of discrimination training on schedules designed to 

produce maintained gradients of either incremental or 

decremental form. The incremental schedule was mult VI 

1 min (538 nm, 548 nm, 566 nm, 576 nm) EXT or response-

independent variable interval one minute (FVI 1 min) (.555 

nm) and the decremental schedule was mult EXT or FVI 1 min 

(538 nm, 548 nm, 566 nm, 576 nm) VI 1 min (555 nm). One-

half of the £s received training on the incremental 

schedules while the remaining Ss were trained on the 

decremental schedules. The EXT and FVI 1 min components 

were presented in a counterbalanced order, The 

vii 
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response-dependent/extinction schedules resulted in reliable 

discrimination performance whereas the response-

independent/response-dependent schedules resulted in 

reliable discrimination performance only when preceded by 

training on the response-dependent/extinction schedule. 

Stimulus generalization gradients were consistent with the 

maintained training gradient only on the second test for 

the incremental training schedules. The results of the 

combined cue test indicated that the stimuli associated with 

both the EXT and FVI 1 min components exert inhibitory 

stimulus control. The results are discussed in terms of 

current theoretical models of stimulus control. 



INTRODUCTION 

There has been a recent interest in the effects of 

response-independent reinforcement (i.e., reinforcement 

delivered independently of the subject's on-going behavior) 

on stimulus control. Stimulus control refers to the ability 

of a stimulus to differentially control the level or type 

of a response as a function of the past history of the 

subject and stimulus. The term stimulus control encompasses 

such processes as discrimination learning and stimulus 

generalization. The level of responding observed to covary 

with a stimulus in an operant conditioning experiment can 

be divided conceptually into at least two components: (1) 

that portion attributable to the dependency between the 

response and the reinforcer and (2) that portion attributable 

to the dependency between the stimulus and the reinforcer. 

Schedules of response-independent reinforcement maintain the 

stimulus-reinforcer relationship but do not result in any 

specific response-reinforcer relationship. (These schedules 

do not necessarily destroy the stimulus-response-reinforcer 

temporal patterning typical of response-dependent schedules). 

Until recently, the investigation of the stimulus-reinforcer 

relationships has been restricted to the field of classical 

conditioning. 

1 
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Much attention has been giver; to the comparison of 

response-independent reinforcement and extinction (i.e., no 

reinforcement) because both procedures typically result in 

a decline in response rate relative to levels maintained by 

response-dependent reinforcement (Rescorla and Skucy, 

1969). The former authors argued that response-independent 

reinforcement and extinction should be considered members of 

the same procedural class which is defined by removal of the 

contingency between the response and reinforcer, 

A frequently used discrimination learning paradigm 

in operant conditioning involves the use of a multiple 

schedule in which two or more successively presented stimuli 

are correlated with two or more reinforcement schedules. A 

baseline training period of equal density reinforcement 

schedules usually precedes the introduction of schedules 

differing in reinforcement density. Discrimination learning 

is said to have occurred if the stimuli are associated with 

differential response rates, and the stimuli are said to 

exert stimulus control over responding. A number of studies 

have demonstrated that animals can learn to discriminate a 

stimulus correlated with response-independent reinforcement 

from a stimulus correlated with response-dependent reinforce

ment (c.f,, Halliday and Boakes, 1972; Boakes, 1973; 

Weisman and Ramsden, 1973), Stimuli correlated with a 

response independent reinforcement schedule usually are 

associated with a lower level of responding than stimuli 
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correlated with a response-dependent schedule of equal 

reinforcement density. The low level of responding provides 

another basis of comparison with extinction schedules. 

When extinction is introduced in one component of a 

two component multiple schedule, an increase in response 

rate is observed in the unchanged (still reinforced) 

component. This phenomenon is called positive behavioral 

contrast (Reynolds, 1961). The introduction of a response-

independent component does not result in positive behavioral 

contrast. Several theorists have construed behavioral 

contrast to be a by-product of an inhibitory process 

(Terrace, 1966, 1968; Weisman, 1969; Halliday and Boakes, 

1972). Although no precise definition exists, inhibition 

generally refers to the suppression or active withholding 

of responses. Because response-independent reinforcement 

does not result in behavioral contrast, Terrace (1972) and 

Halliday and Boakes (1972) concluded that stimuli correlated 

with response-independent reinforcement do not exert 

inhibitory stimulus control, Weisman and Ramsden (1973) 

observed a reduction in the response rate of the unchanged 

component (that is, negative induction) and suggested 

negative induction and behavioral contrast may be 

functionally related as by-products of inhibition. 

Another aspect of stimulus control is stimulus 

generalization. With respect to response-independent 

reinforcement, the findings are mixed, Weisman and Ramsden 
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(1973) reported incremental stimulus generalization 

gradients around the stimulus associated with Response-

independent reinforcement. They interpreted this as a 

demonstration of inhibitory control. However, Halliday and 

Boakes (.1972) failed to demonstrate systematic gradients. 

Grisham (1973) reported that two of six Ss demonstrated 

incremental gradients and concluded that stimuli associated 

with response-independent reinforcement can exert inhibitory 

control. 

The discrepancies in the findings and interpreta

tions of the studies cited above may be due to various 

procedural differences. The discrepancies also reflect two 

major problems in the study of stimulus control: (1) the 

lack of consistency between two conceptually related aspects 

of stimulus control, discrimination learning and stimulus 

generalization and (2) a lack of consensus as to what 

constitutes the most appropriate operational definitions of 

inhibitory stimulus control (see Hearst, Besley, and 

Farthing, 1970; Hearst, 1972; Rescorla and Wagner, 1972 for 

discussion of the latter problem), 

The purpose of the present study was to compare the 

control of stimuli associated with response-independent 

reinforcement with extinction resulting from discrimination 

training on a five component multiple schedule and to 

examine the consistency between gradients maintained by 

the training contingencies and post-discrimination tests of 
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stimulus generalization. The tests of stimulus generaliza

tion include a technique advocated by Hearst (1972) and 

Rescorla and Wagner (1972) for assessing the inhibitory 

control potential of a stimulus, the combined cue or 

summation test. This assay technique consists of combining 

an orthogonal stimulus previously associated with 

reinforcement with the stimulus to be tested. If the 

response strength of the combined stimulus is lower than 

that of the orthogonal stimulus alone, the stimulus in 

question is said to exert inhibitory stimulus control. 

The combined cue test was included in the present study in 

an attempt to resolve the controversy regarding the 

inhibitory properties of stimuli associated with response-

independent reinforcement. 

Discrimination training on a five-wavelength 

component multiple schedule in which the median wavelength 

value was associated with extinction was shown to produce 

steep and stable incremental gradients ("V" shaped) (.Martin 

and Lyons, in preparation) during training. The authors 

assumed but did not test the proposition that the gradient 

form would transfer to the stimulus generalization testing 

situation. The training technique was expanded in the 

present study to include the production of decremental 

gradients as well as incremental gradients. The hypothesis 

of an isomorphic relationship between training and testing 

was derived from the Spence (1956) model of stimulus 



generalization which views the gradient as a product 

interacting gradients and was tested directly. 



METHOD 

Subjects 

Sixteen experimentally naive pigeons of mixed 

strains were subjects. All subjects were individually 

housed upon arrival at the laboratory and were maintained 

at 70%-75% of their free feeding weight throughout the 

experiment. 

Apparatus 

Four pigeon chambers housed within commercially 

available insulated chests were used. The internal dimen

sion of the chambers were: 3 45 cm long and wide, 310 cm 

high. Each chamber contained a transparent Plexiglas 

response key, 19 cm in diameter, located 250 cm above the 

chamber floor and directly above a 51 cm long by 3 8 cm high 

opening which provided access to mixed grain when a hopper 

located behind the front wall was elevated. The opening 

was located 76 cm above the floor. A houselight (38 cm in 

diameter) located 256 cm above the floor and 204 cm to the 

right of the response key provided low level illumination, 

A fan provided ventilation and masking noise. Stimuli were 

projected on the response key by Industrial Electronics 

Engineers in-line display cells (model E4580-164). The 

stimuli were nine wavelengths: 501 nm, 511 nm, 538 nm, 

7 
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548 nm, 555 nm, 576 nm, 589 nm, and 606 nm; and a 90° white 

line with a black background (see Lyons and Klipec, 1971, 

for details on the mixing procedure). The chambers were 

operated by electro-mechanical programming equipment 

located in the same room. 

Procedure 

The experiment consisted of four components: (1) 

preliminary training, (2) single stimulus training, (3) 

discrimination training, and (4) stimulus generalization 

tests. 

Preliminary Training 

During preliminary training, all subjects were 

magazine trained and shaped to peck the response key by the 

method of successive approximations. The schedule of 

reinforcement was gradually changed from CRF to VI 1 min. 

The houselight was on continuously during this phase and 

a diffuse white light was projected on the response key. 

Single Stimulus Training 

Following preliminary training, all subjects were 

given 10 days of single stimulus training in which a 90° 

white line on a black background was correlated with a VI 

1 min schedule of reinforcement. Each daily session 

consisted of thirty stimulus presentations of 50 sec each 
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separated by a 10 sec total chamber blackout (houselight and 

response key). 

Discrimination Training 

Discrimination training was divided into four phases 

and began foiling single stimulus training, Stimulus 

generalization tests were administered following the second 

and third phases. 

The following conditions were the same for all 

phases of discrimination training. Each daily sessioji 

consisted of 40 stimulus presentations, each 50 sec in 

duration, separated by a 10 sec total chamber blackout. The 

555 nm stimulus was presented 20 times and each of the 

remaining stimuli were presented five times. The order of 

stimulus presentation was randomly determined with the 

restriction that no stimulus could occur more than twice in 

succession and none of the stimuli (with the exception of 

555 nm) could recur until the remaining stimuli had been 

presented once. All reinforcements consisted of 3 sec 

access to mixed grain. 

1. In Phase I of discrimination training, all Ss 

received 20 days of nondifferential VI 1 min 

reinforcement for responding to five wavelength 

stimuli: 538 nm, 548 nm, 555 nm, 566 nm, and 576 nm, 

2 ,  Prior to initiating Phase II, the £s were randomly 

assigned to either the decremental or incremental 
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training conditions. Phase II consisted of 20 days 

of discrimination training. 

The 8 Ss in the incremental group were randomly 

assigned to one of two sub-groups. Four Ss 

received discrimination training on a mult VI 1 min 

(538 nm, 548 run, 566 rati, and 576 nm) ext (555 nm) 

schedule while the remaining four Ss received 

training on a mult VI 1 min (538 nm, 548 nm, 566 nm, 

and 576 nm) FVI 1 min (555 nm) schedule. 

The 8 Ss in the decremental group were randomly 

assigned to one of two sub-groups. Four Ss 

received discrimination training on a mult ext 

(538 nm, 548 nm, 566 nm, 576 nm) VI 1 min C555 nm) 

schedule while the remaining four £s received 

training on a mult FVI (538 nm, 566 nm, 576 nm) 

VI 1 min (555 nm) schedule. 

In Phase III of discrimination training, the stimuli 

which were correlated with ext in Phase II were now 

correlated with FVI 1 min for all £s and vice versa. 

Training conditions for Phase IV were identical to 

those in effect in Phase I, i.e., nondifferential 

VI 1 min components correlated equally with all five 

wavelength stimuli for all S_s. 
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Stimulus Generalization and Combined 
Cue Test 

Stimulus generalization tests and the combined cue 

tests were administered 24 hours after completion of Phases 

II and III. The procedure was the same for all Ss. Each 

testing session was preceded by a warm-up period in which 

responding to the 90° white vertical line with a black 

background was reinforce'd on a VI 1 min schedule. The 

warm-up period consisted of 15 presentations of this 

stimulus, each 50 sec in duration and separated by 10 sec 

total chamber blackouts. The testing session began 

immediately following the warm-up period. 

During the testing session, 10 stimuli were each 

presented five times. Stimulus presentations lasted 50 sec 

and were separated by a 10 sec total chamber blackout. 

Extinction was in effect throughout the session. The 10 

stimuli were randomly arranged within each of 5 blocks with 

the order of the blocks randomly determined. The 10 stimuli 

were the 90° white line with black background, and the 90° 

white line superimposed upon nine wavelength stimuli: 

501 nm, 511 nm, 538 nm, 548 nm, 555 nm, 566 nm, 576 nm, 

589 nm, and 601 nm. 



RESULTS 

Discrimination Training 

Graphs depicting the mean response rate to each 

training stimulus for the last five days of each training 

phase are presented in Figures 1-4. The data for individual 

Ss are presented in Table 9 (Appendix A). The data for the 

incremental and decremental groups were analyzed separately 

by a mixed design analysis of variance (c.f,, Tables 1 and 

2) and Scheffe (1959) a posteriori tests of significance 

(c.f. , Tables 3-6) . 

Incremental 

Although there was some variation in response rates 

to the training stimuli during the nondifferential Phase I 

training, the variations were not systematic or statistically 

significant. The difference in effectiveness of the two 

schedules designed to produce incremental gradients in 

Phase II can be seen by comparison of Figures 1 and 2 and 

Tables 1, 3, and 4. The mult FVI 1 min (555 nm) VI 1 min 

(538 nm, 548 nm, 566 nm, 576 nm) did result in a shallow 

incremental gradient which was not reliable. However, 

training on the mult ext (555 nm) VI 1 min (538 nm, 548 nm, 

566 nm, 576 nm) schedule resulted in a steep incremental 

gradient with responding to 555 nm significantly lower than 

12 
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Table 1. Source Table: Incremental Training 

Source df MS F 

Training groups 1 .089 — 

Ss (groups) 6 4,93 

Phases 3 .243 — 

Groups x Phases 3 .290 — 

Ss (groups) x Phases 18 .428 

Stimuli 4 .432 3 . 88* 

Groups x Stimuli 4 .024 — 

Ss (groups) x Stimuli 24 .111 

Phases x Stimuli 12 .143 2 , 78** 

Groups x Phases x Stimuli 12 ,100 1 .95* 

Ss (groups) x Phases x Stimuli 72 .052 

*p < .05. 

**p < ,01, 
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Table 2. Source Table: Decremental Training 

Source df MS F 

Groups 1 4.75 1.24 

Ss (groups) 6 3.84 

Phases 3 1.61 4.78* 

Groups x Phases 3 1.36 4.02* 

Ss (groups) x Phases 18 ,34 

Stimuli 4 .91 25.01** 

Groups x Stimuli 4 .03 — 

Ss (groups) x Stimuli 24 .04 

Phases x Stimuli 12 .29 6.17** 

Groups x Phases x Stimuli 12 .28 5.96** 

Ss (groups) x Phases x Stimuli 72 .047 

*p < .05, 

**p < .01, 



Table 3. Scheff^ Test of Significance: Incremental Training 
(Ext -> PVI 1 min) 

Phase I Phase 

VII VII VII VII VII VII VII Exl 

538 rati 548 ran 555 nm 566 nm 576 nm 538 ran 548 nm 555 

.663 .698 .703 .561 .522 1.190 .742 .3< 

. 663 - * - * 

.698 - a _ A 

.703 - * - * 

.561 * - -

.522 * 

1.190 * * 
.742 * 
.391 
1.170 • 
1,265 

1.022 
. 683 
. 602 
.942 
.947 

.928 
,860 
. 831 
, 831 
.903 

Scheff£ Dc = .2226 a = .05 

*p < .05. 

-p > .05. 

Ss: Z20, Z19 f  Z10, Z13.  



ining 

Phase II Phase III 

VII 

538 nir 

VII Ext VII VII VII VII FVIl VII VII 

548 ran 555 ran 566 run 576 nm 538 nm 548 nm 555 nm 566 nm 57 6 nm 

.742 .391 1.170 1.265 1.022 .683 .602 .942 .947 ,928 
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Phase III Phase IV 

VII FVIl VII VII VII VII VII VII VII 

48 nm 555 nm 566 nm 576 nm 538 nm 548 nm 555 nm 566 nm 576 nm 

.683 .602 .942 .947 ,928 .860 .831 .831 .903 

A 

* 
* 

* 

* 

A 
A 

A 
A 

* 

A 

* 

A 
A 
A 

A 

ft 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 



Table 4. ScheffS Test of Significance: Incremental Training 
(FVI min •+ Ext) 

.736 

.752 

.678 

.739 

. 826 

.742 

. 662 

.588 

.599 

.719 

1. 072 
.755 
. 295 
,973 
1,040 

.884 

.980 
,845 
. 854 
.812 

Phase I Phase 

FVI VII VII VII VII VII VII VII 

538 nm 548 nm 555 nm 566 nm 576 nm 538 nm 548 nm 

.736 .752 .678 .739 .826 .742 .662 .5£ 

ScheffS Dc = .2226 a = .05 

*p < .05. 

•^p > .05, 

Ss: Z15, Z9, Z12, Z18, 



Training 

Phase II Phase III 

:i vn FVIl VII VII VII VII Ext VII VII 

! nm 548 ran 555 nrr 566 nm 576 nm 53 8 nm 548 nm 555 nm 566 nm 576 nm 

'42 .662 .588 .599 .719 1.072 .755 .295 .973 1.040 
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Phase III Phase IV 

VII Ext VII VII VII VII VII VII VII 

548 ran 555 run 566 nm 57 6 nm 538 ran 548 ran 555 ran 566 ran 576 ran 

.755 .295 .973 1.040 .884 .980 .845 .854 .812 

* * * * 

— * * A — — — 

— * * * — * _ — — 

— * 

* 

-
* 

- * - - -

* * * * 

— * * * _ * — — *-

_ * * * * * * * * 

_ * * * * * * 

- * * * - * - -

* * • —m mm * * 

* — * - * — — — 

* * * * * * 

T-

* 

* 

T» 



Table 5. Scheffe Test of Significance: Decreraental Training 
(Ext FVI 1 min) 

Phase I Phase 

,770 
. 843 
.795 
. 841 
. 803 

.026 

.407 
1,148 
.316 
,072 

. 517 
,  8 6 2  
.  8 8 8  
,  6 0 2  
,464 

1.126 
1.133 
1,057 
.940 
.930 

VII VII VII VII VII Ext Ext VI] 

538 nm 548 nm 555 nm 566 nm 576 nm 538 nm 548 nm 555 

.770 .843 .795 .841 . 803 .026 .407 1.1' 

* ft ft 
— * ft ft 
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* * ft 

* * 

* 

Scheff^ Dc = .2117 a = .05 

*p < .05. 
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Ss: All, D6, Zll, Z17, 
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Phase III Phase IV 
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Table 6. Scheffe Test of Significance: Decremental Training 
(PVI 1 min -> Ext) 

Phase I Phase : 

VII VII VII VII VII FVIl FVIl VII 

538 ran 548 nm 555 nm 566 nm 57 6 nm 538 nm 548 nm 555 : 

1.351 1.378 1.294 1.311 1.205 1.043 1.203 1.13 

1. 3 51 
1.378 
1. 294 
1. 311 
1. 205 

1.043 
1.203 
1.137 
1.236 
1.312 

. 029 
1.028 
1.455 
.797 
. 068 

1.103 
1,181 
1. 235 
1.042 
1,019 

Scheffd Dc = ,2117 a = ,05 

*p < ,05, 

*-p > .05, 

Ss: D5, C6, Z14, Z16, 
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Phase II Phase III 

FVIl VII FVIl FVIl Ext Ext VII Ext Ext 

n 548 nm 555 nm 566 nm 57 6 nm 538 nm 548 nm 555 nm 566 nm 576 nm 

1.203 1.137 1. 236 1.312 . 029 1,028 1.455 .797 .068 
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* -

T" 
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ft 

ft 
ft 
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Phase III Phase IV 

VII Ext Ext VII VII VII VII 

1,455 .797 . 0 6 8  1.103 1.181 1.235 

VII 

>48 nm 555 nm 566 ran 576 nm 538 nm 548 nm 555 run 566 run 576 run 

1.042 1.019 

* 

A 
A 
A 

A 
* 
A 
* 
* 

A 

A 

A 

A 

A 

* 

* 

* 

* 

* 

* 

A 
A 
A 
A 

A 
A 
* 

* 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 



23 

Phase I baseline rates and also lower than response rates to 

the reinforced stimuli. In addition to lowering response 

rates to 555 nm, this schedule resulted in an increase in 

response rate to the reinforced stimuli relative to baseline 

rates (i.e., positive behavioral contrast). This effect was 

reliable for all stimuli except 548 nm. There was no 

tendency for the response rates for these stimuli to 

increase for the FVI (555 nm) condition. Thus, both 

schedules resulted in a lowering of response rates to 555 nm 

with extinction producing a reliable effect. Only the 

extinction condition producing elevated response rates to 

the unchanged components. 

The effects of interchanging the extinction and FVI 

components in Phase III are consistent with the' results of 

Phase II. The extinction condition resulted in lower 

response rates to the 555 nm stimulus and increased rates 

to the unchanged stimulus components whereas the FVI 1 min 

condition produced rates to the 555 nm stimulus which were 

not different than baseline rates. The response rates to 

the unchanged components generally remained reliably above 

baseline rates but below Phase II levels. Thus, while the 

pattern produced by each schedule was the same, the effects 

of the training received in Phase II were still apparent 

during the last five days of Phase III training, 

The return to nondifferential VI 1 min training in 

Phase IV did not restore Phase I rates for either group. 
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The rates for all the stimuli for both groups were above 

Phase I levels although this effect was more pronounced for 

the group which received the ext-FVI 1 min order of schedule 

presentation. In addition, the non-differential training 

eliminated the reliable gradients observed in Phase III. 

Decremental 

Phase I nondifferential training did not produce any 

systematic or statistically reliable differences in response 

rate for either group. The difference in effects of the two 

schedules in Phase II is dramatic as can be seen from 

comparison of Figures 3 and 4 and Tables 2, 5, and 6. The 

mult FVI 1 min (538 nm, 548 nm, 566 nm, 576 nm) VI 1 min 

(555 nm) schedule did not produce a decremental gradient. 

The general effect of this schedule was to lower response 

rates to all stimuli relative to Phase I levels. Most of 

these changes did not reach statistical significance. The 

mult ext (538 nm, 548 nm, 566 nm, 576 nm) VI 1 min (.555 nm) 

training resulted in lowering response rates in the extinc

tion components and increasing the rates in the unchanged 

component. 

Interchanging the FVI 1 min and extinction components 

in Phase III influenced response rates of both groups. The 

group which received the FVI 1 min components in Phase III 

retained a reliable decremental gradient but the rates to 

the stimuli correlated with the FVI 1 min schedule increased 
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and the rate to 555 run decreased relative to their 

respective Phase II performance. 

Thus, the effect of this schedule was to dampen the 

steep gradient produced in Phase II, The effect of 

replacing the FVI 1 min components with extinction 

components was to produce a reliable decremental gradient, 

The response rates to the stimuli correlated with extinction 

were reliably lower than their respective levels in Phase I 

and Phase II (with the exception of 548 nm compared with 

Phase II). The rates to the unchanged component (_i«e., 

555 nm) increased reliably compared to the Phase II level. 

The rate was also higher than its baseline Phase I level 

although the difference did not reach statistical signifi

cance. 

The return to nondifferential reinforcement in 

Phase IV eliminated reliable gradients for both groups. 

When compared to Phase I rates differences between the 

groups emerge. The response rates for the group which 

received the ext^-FVI 1 min order were higher than the 

Phase I level. This effect was reliable for the 538 nm, 

548 nm, and 555 nm stimuli. The response rates for the 

group which received the FVI 1 min-^ext order of schedule 

presentation were lower than Phase I levels, This effect 

was reliable for the 538 nm, 566 nm, and 576 nm stimuli. 

Thus, the effect of Phase IV training was the opposite for 
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the two groups which differed only in the order in which 

they were exposed to the ext and FVI 1 min components. 

Stimulus Generalization and Combined Cue Tests 

Stimulus generalization and combined cue tests were 

conducted in single sessions following Phase II and III of 

discrimination training. Due to extreme variability in 

response rates, the absolute number of responses was 

transformed into relative measures (per cent of total 

responses) thereby allowing each S_ to contribute equally to 

the group average. 

The graphs in relative terms are presented in 

Figures 5-8. The raw data are presented in Tables 10 and 

11 (Appendix A). The results of the combined cue test for 

the incremental and decremental training conditions were 

analyzed separately by mixed design analysis of variance, 

The source tables for these analyses are presented in Tables 

7 and 8, These analyses compared the relative response 

strength of the 90° line single stimulus with a black 

background with the combined mean response strength of the 

training stimuli which were correlated with extinction and 

FVI 1 min schedules, (Note that during the stimulus 

generalization tests, all wavelength stimuli had the 90° 

white line angle superimposed.) 
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Table 7. Source Table: Incremental Stimulus Generalization 
and Combined Cue Tests 

Source df MS F 

Groups 1 120.86 1.39 

Ss (groups) 6 87. 02 

Tests 1 61.86 — 

Groups x Tests 1 192.03 2.76 

Ss (groups) x Tests 6 69.54 

Stimuli 1 1750.69 17.09** 

Groups x Stimuli 1 89.21 

Ss (groups) x Stimuli 6 102.42 

Tests x Stimuli 1 494.95 6.76* 

Groups x Tests x Stimuli 1 434.44 5.93* 

Ss (groups) x Tests x Stimuli 6 73.25 

*p < .05. 

**p < .01. 
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Table 8. Source Table: Decremental Stimulus Generalization 
and Combined Cue Tests 

Source df MS F 

Groups 1 78.25 — 

Ss (groups) 6 100.70 

Tests 1 565.32 11.71* 

Groups x Tests 1 12.48 — 

Ss (groups) x Tests 6 48.29 

Stimuli 1 2599.23 13.91** 

Groups x Stimuli 1 130,25 — 

Ss (groups) x Stimuli 6 186.87 

Tests x Stimuli 1 819.92 12.08* 

Groups x Tests x Stimuli 1 10,38 mm *«» 

Ss (groups) x Tests x Stimuli 6 67. 87 

*p < ,05. 

**p < .01. 
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Incremental 

Figure 5 presents the gradients obtained on the 

first test administered following Phase II. Visual inspec

tion of this figure reveals that in neither group was the 

nadir located at the 555 nm stimulus. The nadir was 

located at the 548 nm stimulus for both groups. The 

gradient for the extinction group was steeper than that 

for the FVI 1 min group. For both groups the strength of 

90° line angle stimulus was greater than that of any other 

stimulus. Figure 6 presents the results of the second test 

which was administered following Phase III. In contrast to 

the results of the first test, both gradients are incre

mental around the 555 nm stimulus. 

As in the first test, the strength of the 90° line 

angle with the black background was greater than the other 

stimulus values. 

The results of the analysis (Table 7) comparing the 

strength of the 555 nm stimulus, with the 90° line angle 

superimposed, to the strength of the 90° line angle alone 

indicate that the strength of the 90° line angle alone was 

reliably greater than the 555 nm + 90° line angle stimulus 

on both tests (F, , = 17,09, p < ,01) with the strength of ±, b 

the 90° line angle alone greater on the second test than on 

the first (F^ ̂  = 6,76, p < .05). 



Decremental 

Figures 7 and 8 present the gradients for the 

extinction and FVI 1 min conditions on the first and second 

test respectively. Neither training condition resulted in 

systematic decremental gradients on either test. The 

gradients for the extinction condition on both tests were 

unsystematic while that for the FVI 1 min condition were 

shallow and incremental. The strength of the 90° line angle 

stimulus was greater for the extinction condition on both 

tests although the effect was not reliable. Inspection of 

Table 4 reveals that the strength of the 90° line angle 

alone was greater than the strength of that of the training 

stimuli associated with extinction and FVI 1 min (i.e., 

538 nm, 548 nm, 566 nm, 576 nm) and the 90° line angle on 

both tests (F, a = 13,91, p < ,01) and reliably greater on 1,0 

the second test (F, a = 12,08, p < ,05), The main effect 
i, b 

of tests was reliable (F^ g = 11.71, p < ,05) indicating 

that relatively more responses were emitted to the five 

stimuli considered in the analyses on the second test than 

on the first. 



DISCUSSION 

There are three major findings of the present study: 

(1) stimuli associated with response-independent reinforce

ment did not control differential response rates following 

20 days of discrimination training on a complex multiple 

schedule, (2) stimuli associated with extinction or response-

independent reinforcement do not differ in their suppressive 

effects when assessed by a combined test, and (3) a stimulus 

generalization gradient produced during discrimination 

training does not predict the form of a gradient produced 

in extinction. 

The major differences between no reinforcement and 

response^independent reinforcement found in this study are 

reflected during the training phases. Neither of the 

multiple schedules with the FVI 1 min components produced 

reliable gradients in Phase II and none of the stimuli 

associated with the FVI 1 min components controlled response 

rates that were reliably lower than their baseline, Phase I 

levels. While the changes in the response rates for the 

incremental group were in the predicted direction, no 

systematic trends were evident in the decremental group. 

Although it was not expected that the rates would drop at a 

rate of to a level comparable to those of the extinction 

components a reliable decrease was predicted, One might 
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argue that a decrease in response rate would result only 

when the reinforcer is delivered as the S_ is engaged in 

some non-response related behavior (e.g., preening). It 

follows from that hypothesis that Ss with medium or low 

baseline response rates (e.g., < 0.8 responses/sec) should 

be differentially affected by the FVI 1 min schedules. 

Examination of the individual S data did not reveal any 

systematic differences of this nature. 

It is likely that the use of a five stimulus multiple 

schedule (as opposed to the more common two stimulus 

schedule) accounts for the discrepancy between the findings 

of this study and a number of other studies in which a con

siderable response rate reduction was found with comparable 

amounts of training. It could be argued that the five 

stimulus situation increases the difficulty of the dis

crimination compared with the two stimulus situation. The 

data from the extinction conditions provide some indirect 

support of this hypothesis. After twenty days of 

incremental training, the response rates in the extinction 

component remained considerably above zero. In the 

decremental conditions, only the response rates to the most 

peripheral stimuli were at a near zero level while those to 

the stimuli adjacent to the reinforced stimulus were main^ 

tained at intermediate levels. Training with the FVI 1 min 

components generally reduced response rates but this effect 

seemed to generalize to the VI 1 min components as well. 
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Also consistent with the difficulty hypothesis is the find

ing that response rates for the FVI 1 min components 

increased in Phase III following training on extinction 

components in Phase II. (The rates remained lower than the 

Phase I baseline levels, however.) Thus, even when there is 

a high probability that a reinforcer will be delivered when 

the S is engaged in a non-responding behavior, the response 

rate will increase. This finding is consistent with the 

results of the Rescorla and Skucy (1969) study. 

Another difference between ext and PVI 1 min 

component schedules was in the response rates to the 

unchanged VI 1 min components. In both the incremental and 

decremental training conditions, response rates to the 

unchanged components increased relative to their Phase I 

levels, i.e., there was positive behavioral contrast. 

These findings are consistent with the current literature, 

It is also interesting to note that not only is there no 

positive behavioral contrast associated with response-

independent reinforcement, but the introduction of response-

independent reinforcement tends to eliminate positive 

behavioral contrast if it is already present. Introduction 

of the FVI 1 min components in Phase III of the decremental 

condition eliminated the reliable contrast effect observed 

in Phase II. In the incremental condition, response rates 

declined (reliably for 566 nm and 576 nm) but remained above 

Phase I levels. Thus, the tendency for response-independent 
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reinforcement to be associated with the reduction of 

positive behavioral contrast was present in both groups but 

was more complete in the decremental group. 

If one accepts the hypothesis that behavioral 

contrast is a reflection of inhibition (Terrace, 1972) the 

findings of the training data are consistent with the 

positions of those who argue that response-independent 

reinforcement does not produce inhibition (Halliday and 

Boakes, 1972). 

The return to nondifferential VI 1 min reinforcement 

in Phase IV also reflects a difference between the two 

procedures. There was a general tendency for responding in 

Phase IV to be above that observed in Phase I for all groups 

except the decremental group which received the FVI 1 min 

ext order. This tendency was most clearly demonstrated in 

the groups which received the ext^-FVI 1 min order, The 

"overshoot" effect did not seem to be systematically related 

to specific stimuli in accordance with their prior 

histories. It is clear that the 20 days of nondifferential 

training did not restore Phase I levels of responding. Thus, 

it would be inappropriate to use a post-discrimination 

period of nondifferential training as a substitute for a 

pre-discrimination baseline as has been suggested (Terrace, 

1964; Weisman, 1969), The findings of Dukhavyil and Lyons 

(1973) agree with the present author's conclusion. 
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The prediction that the training gradients and those 

obtained in a standard stimulus generalization test would be 

isomorphic was not confirmed. Gradients of the predicted 

shape were evident only on the second test for the incre

mental group. The gradients for the decremental group were 

opposite from the prediction and more closely resembled 

incremental gradients, A number of procedural variations 

between training and testing sessions could account for the 

lack of consistency. Extinction and the inclusion of novel 

stimuli are factors common to most testing situations 

whereas a warm-up period on an orthogonal stimulus and the 

superimposition of an orthogonal stimulus are not. These 

procedural factors may account for the findings although 

not in any obvious way. It is also possible that the 

transfer between training on a complex multiple schedule 

and subsequent generalization tests is not as complete as 

originally predicted. 

There were no reliable differences between the ext 

and FVI 1 min conditions on the combined cue test for 

either group on either test. For both groups, the strength 

of the orthogonal stimulus combined with the ext or FVI 1 

min stimuli was less than that of the orthogonal stimulus 

alone. The difference between them was greater on the 

second test than on the first test. If one accepts this 

test as an index of inhibitory control as argued by Hearst 

C197 2) and Rescorla and Wagner (1972), these findings would 
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be interpreted to indicate that stimuli associated with ext 

and FVI 1 min components exert inhibitory control and that 

the amount of inhibitory control increases as a function 

of either extended training or exposure to both types of 

schedules (these factors are confounded in the present 

study). 

Thus, a conclusion regarding the inhibitory poten

tial of the stimuli associated with the PVI 1 min components 

is a function of which operational definition one accepts, 

the occurrence of behavioral contrast or suppressive effects 

of the combined cue test. One could also argue that any 

discussion of inhibition is unwarranted as loss of excita

tion is a more parsimonious exploration. Indeed, the 

phenomena of disinhibition is the only empirical observation 

which seems to require the introduction of the inhibition 

construct. The central issue should not be inhibition or 

loss of excitation but rather the consistency or, as in the 

present case, the lack of consistency among phenomena 

subsumed under the general rubric of stimulus control. Lack 

of consistency presents theoretical problems for any unified 

model of stimulus control, whether such a model includes the 

constructs of inhibition and excitation or not. 

Although the training procedure used in the present 

study did not result in the magnitude of response rate 

reduction reported in other studies using response-

independent reinforcement, stimuli associated with the FVI 
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1 min did control a rate of response intermediate to those 

associated with the ext and VI 1 min components. In the 

combined cue tests, the value of the orthogonal stimulus 

was consistently but not reliably greater for the groups 

which received extinction training prior to the tests. Both 

of these factors are interpreted to indicate that the 

suppressive effects of response-independent reinforcement 

are not as strong as those of extinction. Thus, stimuli 

associated with response-independent reinforcement are less 

inhibitory or more excitatory (depending upon one *s 

theoretical orientation) than stimuli associated with 

extinction. 

Lack of consistency between studies and between 

various measures of stimulus control with respect to the 

effects of response-independent reinforcement should not be 

surprising when the nature of the schedule is considered, 

Since the experimenter defined relationship between the 

reinforcer and any given behavior is zero, and reinforcers 

are delivered at varying intervals in time, the possible 

combinations of behavior-reinforcer pairings are only 

limited by the confines of the experimental chamber. The 

effect of this would be to increase variability. However, 

evidence from the autoshaping literature (see Jenkins, 

1973) indicates that stimuli associated with reinforcement 

will control and be the locus of food getting behaviors even 

with no previous history of experimental reinforcement. 
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Thus, even in a response-dependent schedule in which a 

pigeon is differentially reinforced for non-pecking, the 

tendency to peck at the stimulus will be strong. A stimulus 

signalling an FVI 1 min may be functionally signalling an 

alternative VI 1 min (DRO 1 min) schedule, the requirements 

of which could be met in a variety of ways. 

In order to fruitfully explore the stimulus control 

properties of response-independent reinforcement, future 

research should include a system of monitoring other non-

response behaviors and include other stimulus-response 

arrangements which are known not be engender auto-shaping 

types of phenomena. 



APPENDIX A 

RAW DATA, TRAINING 

Table 9. Response Rate (Rs/sec) for the Last Five Days of 
Each Training Phase 

Subject 

Stimuli (in nm) 

Subject 538 548 555 566 576 

A. Incremental: Ext -> FVI 1 min (555 nm) 

Phase I: 

Z20 . 686 .739 . 666 . 685 .775 
Z19 .904 1.156 1.221 .656 .522 
Z10 .174 .151 .149 .149 .195 
Z13 .887 .747 .774 .755 .755 

Phase II: 

Z 20 .934 1. 030 .420 1.025. .957 
Z19 2.950 1.051 .783 2.764 3.091 
Z10 .106 ,170 .062 .109 .126 
Z13 .770 .716 .299 .780 ,886 

Phase III: 

Z20 . 689 .916 .852 .946 .754 
Z19 2.913 1.494 1.394 2.377 2. 507 
Z10 .114 .108 .040 .084 .146 
Z13 .372 .213 .120 .359 .380 

Phase IV: 

Z20 . 690 .858 . 861 .841 .877 
Z19 1.997 1.553 1,559 1.452 1.728 
Z10 .462 .540 .469 ,431 ,486 
Z13 f 564 ,490 ,436 ,601 ,522 

43 
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Table 9.—Continued Response Rate (Rs/sec) for the Last 
Five Days of Each Training Phase 

Stimuli (in : nm) 

Subject 538 548 555 566 576 

B. Incremental: FVI 1 min -> Ext (555 nm) 

Phase I: 

Z15 . 660 .757 ,723 ,816 ,694 
Z 9 1.321 1.286 1,091 1,190 1,608 
Z12 . 467 .405 . 457 .452 .507 
Z18 . 496 . 558 ,441 .498 ,493 

Phase II: 

Z15 .413 .442 .409 .438 .396 
Z9 1.244 1. 259 1.126 .805 ,752 
Z12 . 566 .434 .521 ,490 ,474 
Z18 .746 . 511 .294 ,661 1,252 

Phase III: 

Z15 . 426 .360 .156 ,351 ,346 
Z9 1.702 . 591 . 612 1,350 1.364 
Z12 . 945 .962 . 257 1,165 1.537 
Z18 4. 286 3,021 1,179 3.893 4,161 

Phase IV; 

Z15 . 382 .379 ,376 ,406 ,368 
Z9 1.017 1,482 1,332 ,917 ,895 
Z1'2 .882 ,911 ,774 ,576 ,566 
Z18 1. 256 1,149 ,899 1,517 1,418 

C. Decremental: Ext -* FVI 1 min 
(538 nm, 548 nm, 566 nm, 57 6 nm) 

Phase I: 

All . 422 . 564 ,553 ,550 ,539 
D6 . 694 .794 ,753 .706 ,745 
Zll .652 .806 ,720 ,882 ,645 
Z17 1,311 1,206 1,154 1,220 1,284 
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Table 9.—Continued Response Rate (Rs/sec) for the Last 
Five Days of Each Training Phase 

Stimuli (in nm) 

Subject 538 548 555 566 576 

Phase II: 

All 
D6 
Zll 
Z17 

. 041 

.002 

. 008 

.054 

.156 
,638 
.206 
. 626 

. 842 
1,198 
.933 
1.617 

.162 
,147 
,304 
,650 

,069 
.017 
. 007 
,194 

Phase Ills 

All 
D6 
Zll 
Z17 

.539 

. 634 

. 055 

.838 

.714 

.663 
,389 

1,682 

. 628 
, 609 
,712 

1. 601 

,429 
. 667 
,210 

1,100 

,450 
,676 
,064 
,665 

Phase IV: 

All 
D6 
Zll 
Z17 

. 665 

. 770 
1.051 
2. 017 

.524 

.762 
1,005 
2.240 

. 504 
,702 
,857 
2,163 

,506 
,785 
,970 

1,499 

,623 
,830 
,641 

1,626 

D, Decremental: 
(538 nm, 548 nm, 

FVI 
566 

1 min -* 
nm, 576 

Ext 
nm) 

Phase I; 

D5' 
C6 
Z14 
Z16 

2,093 
2, 033 
,352 
,926 

1,944 
1,958 
,771 
.837 

1,868 
1, 642 
.749 
,915 

1,935 
1,724 
,664 
,920 

1,939 
1,728 
,412 
,742 

Phase II: 

D5 
C6 
Z14 
Z16 

2, 001 
1,280 
,267 
, 622 

2,061 
1,406 
, 496 
.850 

1,951 
1,382 
, 455 
.758 

2,039 
1,716 
,441 
,748 

2,138 
2,138 
.417 
.554 
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Table 9.—Continued Response Rate (Rs/sec) for the Last 
Five Days of Each Training Phase 

Stimuli (in nm) 

Subject 538 548 555 566 576 

Phase III: 

D5 .008 1.025 
C6 .074 2.102 
Z14 .006 .162 
Z16 .026 .824 

Phase IV; 

D5 1,766 1.879 
C6 .690 1.179 
Z14 .802 .818 
Z16 1.152 .848 

2.063 1.186 .057 
1.599 1.063 .103 
.847 .266 .016 
1.310 .674 .097 

1.802 1.585 1.549 
1.313 .726 .681 
.805 .581 .580 
1.020 1.276 1,266 



Table 10. Incremental: Stimulus Generalization Test Raw Data (# Rs) 

Subject 

Wavelength Lineangle 
Training 
Condition Subject 501 511 538 548 555 566 576 589 606 O

 
o
 Training 

Condition 

Test #1: 
Z20 279 226 194 115 128 145 130 263 273 409 Ext 
Z19 296 498 467 70 207 211 266 473 435 790 
Z10 34 46 33 21 15 25 43 26 41 47 
Z13 100 137 113 92 92 77 116 205 182 158 

Test #2: 
Z20 146 167 86 57 37 95 82 93 91 179 FVI 
Z19 166 424 428 220 131 296 430 388 539 771 
Z10 9 16 26 8 5 2 15 20 15 14 
Z13 74 41 57 75 15 31 85 104 133 85 

Test #1: 
Z15 55 68 91 90 79 89 77 82 88 83 FVI 
Z9 139 131 164 113 136 128 135 136 124 173 
Z12 99 111 101 70 65 78 74 72 71 114 
Z18 128 173 136 83 121 150 150 197 173 157 

Test #2: 
Z15 17 12 24 17 2 15 34 34 49 37 Ext 
Z9 24 21 24 16 10 8 52 47 39 128 
Z12 42 32 21 0 0 0 12 12 3 279 
Z18 20 26 27 18 5 10 147 385 170 168 



501 

271 
232 
106 
97 

78 
0 
14 
33 

20 
12 
29 
138 

81 
0 
24 
156 

11. Decremental: Stimulus Generalization Test Raw Data (# 

Wavelength Lineangle 

511 538 548 555 566 576 589 606 90' 

339 371 314 240 279 329 350 355 357 
371 332 274 246 281 318 403 278 327 
122 201 107 89 115 152 134 70 251 
97 118 97 83 96 122 97 77 119 

152 364 223 218 46 144 46 114 340 
7 118 33 13 35 56 21 111 465 
11 152 6 3 5 14 50 39 212 
44 79 52 61 19 103 107 140 162 

34 101 51 80 57 67 81 102 165 
28 106 34 12 45 65 49 233 283 
25 112 111 247 168 274 119 162 350 
186 347 323 390 341 287 209 207 401 

62 161 54 29 32 38 35 34 211 
0 3 7 1 5 1 3 29 104 
37 33 23 18 16 67 47 45 165 
123 329 277 203 218 157 216 158 475 
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